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AbstrAct
Objectives: The aim of this study was to evaluate the efficiency of ozone alone and with a re-min-
eralizing solution following application on initial pit and fissure caries lesions in permanent molars. 
Methods: Forty children (9-12 years) having non-cavitated fissure caries lesions on bilateral 40 
first permanent mandibular molar teeth were participated in the study. Patients were randomly al-
located to 2 experimental groups consisting of 20 subjects. In the first group, ozone was applied once 
for 40 seconds to the assigned test teeth of each pair. In the second group, ozone was applied once 
for 40 seconds to the assigned test teeth of each pair with the use of re-mineralizing solution. Pro-
gression or improvement of the caries was assessed at baseline, immediately after treatment and at 
1-,2-,3-, and 6 month follow-up by comparing the DIAGNOdent values, Clinical Severity Indexes, Oral 
Hygiene Scores. The results were analyzed statistically by using the Wilcoxon-Test for dependent 
samples in each group. When comparing different test groups (control and experimental groups) the 
Friedman S test followed by the Mann-Whitney U test was used. 
Results: A statistically significant difference was found between all of the control and experi-
mental test lesions in each group (P<.001). However, there was no statistically significant difference 
between the ozone treated groups and those using the additional re-mineralizing solution (P>.001).
Conclusions: Ozone treatment either alone or combined with a re-mineralizing solution was 
found to be effective for remineralization of initial fissure caries lesions. (Eur J Dent 2011;5:393-399)
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It is well known that dental caries is a multi-
factorial infectious disease caused by aciduric 
and acidogenic bacteria that is a major oral health 
problem affecting 60-90% of schoolchildren and 
also adults.1 Since the 19th century, the best prac-
tice in treating dental caries has been physical 
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amputation of softened tissue from the tooth and 
replacement with some form of restorative mate-
rials. As we move into the 21st century, we have 
experienced significant improvement in equip-
ment and technology. The ability to treat a carious 
lesion today without the need for amputation of 
the diseased tissue is one of the greatest achieve-
ments in dentistry.2
The caries process is a balance between de-
mineralizing cariogenic challenges and neutral-
izing, remineralizing aspects, such as the salivary 
buffer capacity and minerals. It has been sug-
gested that these processes are dynamic, and it is 
possible to modify the equilibrium towards rem-
ineralization with primary preventive strategies if 
the dental enamel surface is not lost.2,3
In recent years, ozone has been used for initial 
pit and fissure caries as an alternative manage-
ment strategy within non-invasive interventions.4-6 
Ozone is a gas that kills microorganisms quickly 
by oxidative degradation of the unsaturated fatty 
acids of the cell walls.7 Ozone can be applied in 
gas form or diluted in water, and both techniques 
show an effective reduction of cariogenic micro-
organisms in-vitro.8,9 Authors have suggested 
that ozone acts as a disinfectant with the unique 
feature of decomposing to a harmless, non-toxic, 
environmentally safe oxygen molecule.10,11 Re-
cently an ozone-generating device HealOzone 
(Kavo,  Biberach,  Germany)  has  been  developed 
and studied in dentistry. This device allows the ap-
plication of high concentrations of gaseous ozone 
(2100±200 ppm at a flow rate of 615 ccs/min) to 
the tooth surface under controlled conditions.12 
During the treatment, because of its molecular 
instability, ozone needs to be generated on-site, 
and it has a high oxidation potential. As a result of 
this property, bacteria in the lesion are destroyed 
as their cell membranes come into contact with 
the ozone. During this oxidative process glycopro-
teins, glycolipids, and other amino acids that pro-
tect the lesion are also affected.  The dentin chan-
nels open, and the lesion is likely to remineralize 
before an established recolonization takes place. 
Furthermore, ozone also oxidizes pyruvic acid to 
acetate and CO2, and by the increased pH, makes 
remineralization possible.10,12
It has been proposed that tooth remineraliza-
tion might be promoted with the assistance of sali-
vary minerals and usable fluorides or remineral-
izing chemicals, resulting in a tooth surface that 
is more resistant to future acid attacks.13 On the 
other hand, it has not yet been investigated if an 
ozone application alone or combined with a min-
eral-rich solution might create different results 
in the remineralization of the carious lesions. The 
aim of this study was to evaluate the efficiency of 
an ozone delivery system alone, as well as com-
bined with a re-mineralizing solution on initial pit 
and fissure caries lesions in permanent molars. 
During the treatment period the patients’ oral hy-
giene status was also evaluated.
MAtErIAL And MEtHods
Forty children ranging between 9 and 12 years 
of age were included in the study. They had all 
been  referred  to  the  Gazi  University,  Faculty  of 
Dentistry, Department of Pediatric Dentistry, 
which  had  laser  fluorescence  system  (DIAGNO-
dent, Kavo, USA), which showed all having scores 
of 11-30 on 40 pairs of bilateral first permanent 
mandibular molar teeth. Ethical approval and in-
formed consent were obtained from the Ankara 
University, Faculty of Dentistry.
At the beginning of the study, all participants 
were given adequate oral hygiene education con-
sisting of a tooth brushing method (Modified Bass 
Technique), preventive dietary advice, instruction 
on the importance of oral health, and advice on us-
ing the given standard toothpastes (F-  1000 ppm, 
Colgate-Palmolive, UK) and toothbrushes (Col-
gate-Palmolive, UK) during the study period. The 
patients’ oral hygiene was assessed by recording 
the plaque, gingival status present on the distal 
surfaces and plaque accumulation on the occlusal 
surfaces of the examined molars within the study 
period.
Patients were randomly allocated to 2 test 
groups consisting of 20 subjects. For baseline 
clinical examinations, the patients’ oral hygiene 
was assessed as graded by Ekstrand et al14 (Ta-
ble 1) by recording the distal and occlusal plaque 
and gingival status of each molar under examina-
tion. Then the Clinical Severity Index (CSI) and vi-
sual scoring were assessed for two contra-lateral 
molars as baseline reference values through use 
of a score system also developed by Ekstrand et 
al14 (Table 2). All patients were examined with an 
intro-oral camera (DPS, UK), with the video im-
age displayed on a 40” Sony screen. Where pri-
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mary caries was detected, images of these teeth 
were captured into a video image storage system 
(Schick, USA). The system allows annotation of 
images, and this was used to locate the points 
used for DIAGNOdent assessment.
In each group one molar was randomly as-
signed to receive ozone therapy or ozone appli-
ance with a remineralizing solution, whereas the 
other molar of the pairs served as the correspond-
ing untreated control. After the occlusal surfaces 
were cleaned with an airflow device (Prophyflex-3, 
Kavo, Germany), the measurements with the DI-
AGNOdent  device  were  done  after  calibration 
of the device with a ceramic standard (Table 3).5 
Readings for the assigned areas were assessed by 
two examiners for inter-examiner reproducibility 
and then re-examined after a week by the same 
examiners to assess  intra-examiner reproduc-
ibility.
In the first test group, only gaseous ozone was 
applied for 40 seconds to the assigned test teeth, 
whereas in the second test group after the appli-
cation of gaseous ozone, a re-mineralizing solu-
tion (pH Balancer, CureOzone®, USA) was applied 
to the assigned test teeth and into the saliva ac-
cording to the manufacturer’s directions. The 
treatment protocols were performed again at the 
recall visits (at months 1, 2, and 3 of the study pe-
riod). Caries regression or improvement of each 
tooth pair was compared at baseline, immediately 
after treatment and in the 1-, 2-, 3-, and 6-month 
follow-up by using the laser-based DIAGNOdent 
values, CSI scores, and Oral Hygiene Status. For 
DIAGNOdent readings, declining values represent 
an improvement while increasing values repre-
sent deterioration of carious lesions.
According to the data, statistical analyses be-
sides the inter- and intra-examiner reproducibil-
ity, were performed and calculated using Kappa 
statistics. Therefore, the DIAGNOdent values and 
CSI scores were used to compare the the ozone-
only treatment with the ozone plus remineralizing 
treatment and with their control teeth, using the 
Wilcoxon-Test for dependent samples. For com-
paring the different test groups with each other, 
the Friedman test was followed by the Mann-
Whitney test. (The level of significance was set at 
P<.001 or P<.002; Bonferroni correction was done 
when needed)
rEsuLts
The gender, age, and past caries profile of the 
whole study population is given in Table 4.
Oral hygiene status 
Compared to the baseline, within 6 months’ 
time, statistically significant differences were ob-
served for distal and occlusal plaque appearances 
as well as in the gingival examination for both test 
groups (P<.002). Furthermore, for all 3 param-
eters a regression was observed between the 3- 
and the 6- month examinations, but there were no 
significant differences (P>.002) (Figure 1).
Clinical Severity Index (CSI) 
For the ozone-treated group, the treated teeth 
revealed no significant differences between the 
baseline and the other examination periods of the 
study (P>.001). In the untreated control teeth of 
this group, a significant difference was found be-
tween the 6-month and the baseline examinations 
(P<.001); for the untreated control teeth, caries 
activation had occurred visually. For the ozone 
and remineralizing solution treated group, neither 
the teeth treated with ozone appliance along with 
remineralizing solution nor the untreated control 
teeth revealed statistically significant differences 
during the same period (Figure 2). 
DIAGNOdent readings
For the ozone-treated group, the DIAGNOdent 
values of treated teeth decreased significantly 
compared to the baseline, whereas that of the 
untreated control teeth increased significantly 
(P<.001). For the group treated with ozone ap-
pliance  with  remineralizing  solution,  the  DIAG-
NOdent values of treated teeth decreased sig-
nificantly (P<.001), whereas the untreated control 
teeth revealed no significant difference between 
the baseline and  6-month examinations (P>.001) 
(Figure 3).
In the ozone-treated group, 75% of treated 
teeth showed an improvement in remineraliza-
tion, whereas 80% showed improvement in the 
ozone and remineralizing solution group. On the 
other hand for the control teeth, 80% of lesions in 
the ozone-treated group, and 30% of lesions in the 
other group showed an increase or progression 
according to the DIAGNOdent readings after the 
same period.
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With regard to the repeatability of measure-
ments from the laser fluorescence system DI-
AGNOdent, two examiners’ measurements were 
compared.  The  DIAGNOdent  method  revealed 
good intra-examiner reproducibility (Cohen’s K= 
0.74 and 0.73, P<.001 ) as well as good inter-ex-
aminer reproducibility (Cohen’s K= 0.88 and 0.77, 
P<.001).
dIscussIon
Prevention of disease has always been the 
most cost effective modality for any health care 
system. To avoid dental caries, since the 1960s 
the “preventive dentistry” or “non-invasive inter-
ventions” have seen some success. There is now 
strong scientific evidence that we can use the car-
ies balance in treating caries as a disease for all 
ages.15 Furthermore, while the rate of dental car-
ies has shown a significant decline in children and 
adolescents, fissure carious lesions in permanent 
molars still accounts for over 80% of total caries 
occurrences.5
The caries process can easily be explained as 
a balance between pathological factors (cario-
genic bacteria, fermentable carbohydrates, sali-
vary dysfunctions) and protective factors (salivary 
components and flow, existence of fluoride, an-
tibacterial therapy).16-19 Featherstone et al20 indi-
cated that reducing the pathological factors and 
enhancing the protective factors leads to reduc-
tion in risk and in caries. On the other hand, the 
management of dental caries is a complicated is-
sue that is dependent on the stage at which car-
ies is identified. Due to the potential reversibility 
of early lesions in their non-cavitated status, the 
idea of the treatment regime is that ozone dimin-
ishes the microflora in the lesion, oxidizes pyruvic 
acid to acetate and CO2, and thereby increases the 
pH to make remineralization of the demineralized 
tissue possible with the help of salivary minerals 
or usable remineralizing solutions.7 
Yamayoshi and Tatsumi21 demonstrated that 
ozone was a strong oxidizer to the cell walls and 
the cytoplasmic membranes of microorganisms. 
Some of the available studies have assessed the 
antibacterial effects of ozone on oral microorgan-
isms with results suggesting significant reduc-
tions in the number of planktonic microorganism 
cells in-vitro.11-24 
Additionally, investigators have proposed that 
ozone alone may be sufficient to treat primary root 
caries or fissure caries due to its strong oxidizer 
potential.7,25 Baysan and Lynch26 have demon-
strated that it is possible to remineralize primary 
root caries lesions (PRCLs) with the use of 10 or 20 
seconds of ozonated water application. In addition, 
Hodson et al27 were in agreement with Baysan et 
Figure 1. Changes of patients’ oral hygiene status over 6 months period.
Figure 2. Changes of CSI over 6 months period. Figure 3. Changes of DIAGNOdent readings over 6 months period.
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al25 that ozone is effective for remineralization of 
initial fissure and root caries lesions.
The main purpose of applying ozone would be 
to kill viable microrganisms that remain in the 
carious lesions. Although traditional restorative 
work may eliminate the bacteria at the site of the 
restoration, the remainder of the mouth is left 
untouched, where caries continues unchecked 
and recolonization commences rapidly at the 
margins.3 However, Kramer et al28 revealed that 
etching and sealing can also reduce the number 
of microorganisms, but these procedures them-
selves reduced the viable microorganisms, in in-
tact fissures and prepared fissures. Furthermore, 
Score Status
0
1
2 
Plaque Status (distal surface of examined molars)
No plaque on probe
Thin plaque on probe
Thick plaque on probe
0
1
2 
Gingival Status (distal of the molars under examination)
No gingival examination
Gingival examination but no bleeding on probe
Gingival examination with bleeding on probe
0
1
2 
Visible Plague Recording (occlusal surface of examined molars)
No visible plaque
Visible plaque but difficult to recognize
Visible plaque easy to recognize
Table 1. Oral hygiene status.  
Table 2. Clinical severity index scores.  
Table 3. DIAGNOdent scores and possible clinical inferences.  
Table 4. Patients profile regarding number, gender, age, number of tooth, caries experience in the past (DMFS/defs/DMFT/deft). 
Score Description
0 No or slight change in enamel translucency after prolonged air dry (>5s)
*1 Opacity (white) hardly visible on wet surface, but distinctly visible after air-drying (>5s)
*1a Opacity (brown) hardly visible on wet surface, but distinctly visible after air-drying (>5s)
*2 Opacity (white) distinctly visible without air-drying
*2a Opacity (brown) distinctly visible without air-drying
3 Localized enamel breakdown in opaque/discolored enamel and/ grayish discoloration from the underlying dentin
4 Cavitation in opaque/discolored enamel exposing the dentin beneath
*Study criteria 
*Study criteria 
Score Diagnodent value Description
0 < 10 Sound
*1 11-14 Enamel caries in the outer half
*2 15-20 Caries in enamel up to Dentino-enamel junction
*3 21-30 Caries in enamel reaching to DEJ with some dentine demineralization
4 ≥ 31 Deep dentinal caries
1st Test group 2nd Test group
Number of patients n=20 n=20
Girl n=6 (% 30) n=9 (% 45)
Boy n=14 (% 70) n=11 (% 55)
Age 10.2±1.32 (9-12) 10.3±1.09 (9-12)
Tooth number n=40 n=40
DMFS Mean= 3.80 (2.0-8.0) Mean= 3.27 (2.0-10.0)
defs Mean= 7.95 (0.0-26.0) Mean= 10.8 (4.0-31.0)
DMFT Mean= 3.70 (2.0-8.0) Mean= 3.45 (2.0-4.0)
deft Mean= 3.0 (0.0-6.0) Mean= 4.05 (1.0-7.0)
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Theilade et al29 found that some bacteria, such as 
Streptoccocus sanguis and Streptoccocus haemophilus, 
were reduced in number after treatment, while the 
main groups of cariostatic microorganisms that 
predominantly produce lactic acid, such as Strep-
toccocus mutans and Lactobacillus, were relatively 
unaffected. On the other hand, because ozone is a 
gas, it can penetrate and reach to the full depth of 
the fissure carious lesion and kill most of the mi-
croorganisms within 10 seconds.12 Again, Baysan 
et al4 stated that microorganisms in small, non-
cavitated and less severe lesions showed greater 
reduction after the application of ozone; and their 
results related to the findings of Lynch,13 who re-
ported that non-cavitated, small lesions had fewer 
cariogenic microorganisms than cavitated and 
large lesions. In the light of above studies partici-
pants having laser fluorescence system scores of 
between 11-30 on bilateral first permanent man-
dibular molar teeth and having fissure caries, 
were chosen for the study because the carious 
depth was limited to the enamel stage.
In the present study, contrary to  other simi-
lar studies,5,25 the treatment and control lesions 
were designed to be the same individual and bi-
laterally because changes in treated lesions are 
not expected to occur regularly in different indi-
viduals and in different teeth. This paper suggests 
that remineralization in-vivo can be achieved with 
ozone when the correct oral conditions exist. This 
finding is related to the findings of other clinical 
studies about the remineralization of early cari-
ous lesions.12,27 Furthermore, no previous clinical 
study has evaluated the combined use of reminer-
alizing solution and ozone therapy. Therefore, we 
considered the efficiency of gaseous ozone alone, 
as well as with ozone followed by a remineralizing 
solution. It is an interesting finding that neither 
test group revealed significant difference for the 
remineralization degrees of experimental teeth. 
Within the study period, for the 40-sec ozone ap-
plication group, 90% of fissure carious lesions 
remineralized, whereas 95% remineralized in the 
second group. This finding is similar to the opinion 
of Featherstone15 that with good oral hygiene, sa-
liva contains all the bio-available mineral compo-
nents required for the remineralization process. In 
this study the only difference between the groups 
occurred for the control teeth. This result may be 
due to the monthly remineralizing solution appli-
cation; the increased salivary buffer capacity may 
have had a protective effect on the control teeth of 
the second test group. 
However, it was not possible to detect the CSI 
improvement or deterioration except for the con-
trol teeth in the first test group. The percentage 
of control teeth in which the CSI scores increased 
was significantly different for this group. The ex-
planation may be that the only protective factor 
was oral hygiene, and within the study period the 
increased demineralization became clinically vis-
ible for this group.
Hogoson et al30 revealed that it is important to 
make the individual aware of his or her own power 
of maintaining good dental health without partici-
pation of the dental profession except for giving 
advice. Likewise, traditional oral hygiene motiva-
tion is the main thought in preventive dentistry. In 
this connection it is interesting to find that ozone 
application with regular oral hygiene education 
had an influence on oral hygiene motivation, and 
both of the groups showed improved oral hygiene 
status within the study period compared to the 
baseline. Similar to the study of Tan et al31 the 
current study noted that often recall visits and re-
current hygiene education are the most effective 
motivators in terms of oral hygiene.
It should be noted that with improved oral hy-
giene, repeated ozone applications in combina-
tion with additional remineralizing solution might 
serve to further improve the outcome of treatment 
described in the study. Therefore, further in-vivo 
and in-vitro studies are needed in which more 
standardized clinical situations are created.
concLusIons
Ozone application, either alone or with a rem-
ineralizing solution, is an effective method for 
caries reversal. Furthermore the present results 
have shown that remineralization in-vivo can be 
achieved through ozone therapy alone with the 
help of correct oral conditions. This painless pre-
ventive method can have an influence on reminer-
alization through increased salivary mineral con-
centration.
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